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ABSTRACT

Kabrick, John and Mike Anderson. 2000. Oak stump sprouting in mature bottomland forests at
Duck Creek Conservation Area. Missouri Department of Conservation, Jefferson City,
Missouri. Forest Research Report No. 2, 9 pages.

We evaluated the stump sprouting probability, sprout location on the stump, sprout numbers and sprout heights
on pin, cherrybark and willow oaks after cutting in closed canopy stands at Duck Creek Conservation Areain
Stoddard County, Missouri. A total of eighty dominant, codominant or intermediate canopy class trees were cut
in seven, one-acre experimental units distributed among sites having three different soil wetness classes.
Species, crown class, diameter at breast height, stump diameter and tree age were recorded prior to cutting. We
measured sprout numbers, sprout locations on stump and sprout heights one growing season after cutting.
Forty-four percent of stumps sprouted. Willow and cherrybark had the greatest percentage of stumps with
sprouts; pin oak had the least. The probability of stump sprouting was negatively correlated with diameter at
breast height and was similar to published values of upland white oak. Willow oak on all sites had more sprouts
than pin and cherrybark oak. Sprouts on wet sites were half astall as those on moderately-wet and well-drained
sites. Sprouts on both moderately-wet and wet sites were chlorotic and lacked vigor. Future research should
focus on stump sprout recruitment and silvicultural practices designed to enhance other forms of oak regeneration.
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INTRODUCTION

Oak regeneration is a problem in many of Missouri's bottomland forests and green tree reservoirs. Many of the
state's green tree reservoirs contain bottomland oak forests that are over-mature, have closed canopies, little
advance oak reproduction and poor acorn production. Advance regeneration, when present, is predominantly non-
oak species such as maple and ash that frequently displace oaks after overstory removal.

In upland forests, stump sprouting is an important source of oak regeneration (Johnson, 1992; Sander et al.,
1984; Weigel and Johnson, 1998). The contribution of stump sprouts to oak regeneration depends upon stand
history, site quality and harvesting methods (Sander et a., 1984; Weigel and Johnson, 1998). In some stands that
have been clearcut, stump sprouts may provide many of the oaks that will later grow into dominant or codominant
canopy positions (Johnson, 1975; Weigdl and Johnson, 1998).

Sprouting may be a viable source of oak regeneration in some bottomland forests (Steele et al., 1992). Many
bottomland oak species in Missouri such as pin oak (Quercus palustris), cherrybark oak (Q. pagoda), willow oak
(Q. phellos), and swamp white oak (Q. bicolor), do sprout from stumps. Pin and willow oak are considered prolific
sprouters (McQuilkin, 1990; Schlaegel, 1990). The established root system of oak stumps may enable their sprouts
to grow taller faster than recently-germinated oak seedlings and be more competitive with non-oak species.
Sprouting may be especially important to oak regeneration where a mature oak overstory exists, but advance repro-
duction is poor.

Sprouting probabilities are related to site quality, tree age, diameter and species (Johnson, 1992; Weigel and
Johnson, 1998). Generally, oak stumps on sites having a higher site index are more likely to sprout than those on
sites having a lower site index (Johnson, 1992; Weigel and Johnson, 1998). Sprouting probabilities also decrease
with increasing age and diameter (Johnson, 1992; Oliver and Larson, 1996; Weigel and Johnson, 1998). Weigel
and Johnson (1998) show that sprouting probabilities for white oaks (Q. alba) are generally lower than those of
black (Q. velutina) and red (Q. coccinea and Q. rubra) oaks in Indiana.

Shading may affect stump sprouting in some hardwoods (Johnson, 1992), although McGee and Bivens (1984)
show no differences in sprouting probabilities among shaded and non-shaded white oak (Q. alba) stumps. Gardiner
and Helmig (1997) show no differences in first-year survival, sprout numbers, height and basal diameter for water
oak (Q. nigra) stump sprouts growing in heavily thinned (60% basal arearemoval) or lightly thinned (40% basal
arearemoval) stands.

We conducted this study to determine the potential role of stump sprouts for bottomland oak regeneration. We
evaluated the stump sprouting probability, sprout location on the stump, sprout numbers and sprout heights on pin,
cherrybark and willow oaks after one growing season in closed canopy stands at Duck Creek Conservation Areain
Stoddard County, Missouri. We hypothesized that sprout numbers and heights would be similar to those of upland
oaks.



MATERIALSAND METHODS

Figure 1. Study area at Duck Creek Conservation Area, Stoddard County, Missouri. Experimental units

are numbered 1 through 7.

Sudy Location and Description

This research was conducted in portions of Pools
2 and 3 at the Duck Creek Conservation Areain
Stoddard County near Puxico, Missouri (Figure 1).
The hydrology and flooding regimes of the pools are
described in detail by Fredrickson (1979) and
Hamilton et al. (1991). These pools are generally
inundated from the end of September until January.
Flooding depths vary within each pool but range from
15t0 51 cm. Pool 2 isinundated 3 out of 5 yearsto
depths of 15 to 35 cm or more, while Pool 3 is
flooded annually to a mean depth of 45 cm
(Hamilton et al., 1991). Overstory vegetation is
mostly pin oak with minor amounts of overcup oak
(Q. lyrata), American em (Ulmus americana), sweet-
gum (Liquidambar styraciflua), red maple (Acer
rubrum), willow oak, and cherrybark oak (Hamilton
et al., 1991).

Experimental Units and Treatments

Seven to 13 dominant, codominant and interme-
diate crown class (Smith, 1986) pin, cherrybark
and/or willow oaks were cut 4 to 6 inches above
ground surface within circular, one-acre experimen-
tal units. We found that site wetness varied consider-
ably over short distances within pools during periods
when they were not inundated. Because of these dif-
ferences, we alocated the study sites into three wet-
ness classes. well-drained, moderately-wet and wet.
Wet sites were relatively low in elevation and con-
tained several inches of water over two-thirds of the
experimental unit at the time of sampling.
Moderately-wet sites contained numerous, but small,
wet depressions that retained afew inches of water.
WEell-drained sites occurred on dlightly higher eleva
tions that did not retain water. Pin and willow oak
were more abundant on wet sites; cherrybark oak
was more abundant on well-drained sites.



MATERIALSAND METHODS

There were seven experimenta unitsin this
study. Three experimental units were allocated to
each of the moderately-wet and wet soil wetness
classes. Because there were few well-drained sites
that contained sufficient numbers of dominant,
codominant or intermediate crown class trees to pro-
vide replication, only one treatment unit was all ocat-
ed to the well-drained site class. Treatments were
initiated in April 1998 during the dormant season.
Sites were resampled in September 1998 after one
growing season.

M easurements

We recorded species, crown class (Smith, 1986),
diameter at breast height (dbh), stump diameter and
age of each sampled tree. We also noted if sample
trees originated as stump sprouts. Although canopy
cover was not estimated, canopies of all plots
remained relatively closed except for the gaps creat-
ed by felling candidate trees. After one growing
season, we recorded the number of sprouts per

stump, sprout locations on each stump and height of
the tallest sprout on each stump.

Hypotheses and Analyses
We tested the following null hypotheses:

1. For stumps that sprouted, there are no differences
in sprout numbers or sprout heights among site
wethess classes and among species.

We tested effects of wetness and species by

comparing averages.

2. There are no relationships among sprouting
probability and dbh and age.

This was tested with logistic regression. The
Chi-sguare statistic was used to evaluate the
significance of each variable tested. There were
insufficient numbers of trees sampled to determine if
crown class affected sprouting probabilities.

Forty-four percent of all inventoried stumps
sprouted (Table 1). Willow and cherrybark oak had a
high percentage of stumps with sprouts (67 and
64%, respectively). Pin oak, despite being known as
aprolific sprouter (McQuilkin, 1990), had the fewest
stumps with sprouts (35%). Well-drained sites had
nearly twice the proportion of stumps with sprouts
than moderately-wet sites and more than twice the
proportion as wet sites (Table 1). However, we can
not determine whether site wetness or differencesin
Species composition caused by site wetness explains
these differences. Sprouts on moderately-wet and wet
sites appeared chlorotic and lacked vigor compared
to those on well-drained sites.

Sprouts that originate at ground level are

considered less susceptible to eventua rot than those
higher on the stump (Weigel and Johnson, 1998).
Roughly 66% of stumps that sprouted had at |east
one or more stems at ground level (Table 2).
Multiple sprouts from a single stump will thin over
time, but it cannot be assumed that only ground level
sprouts will survive. It is possible that mature trees
from sprouts originating higher on the stump will be
of poor quality due to rot.

Table 1. Numbers of stumps that sprouted after one growing season by species and soil wetness class.

Species
Cherrybark Oak Pin Oak Willow Oak All Species
Site Wetness Class Senes TS O | Emes fbe % | AnE e % | GEmm fwRe %
sprouts sprouts sprouts
Well-Drained 7 6 86 - - -- - 7 6 86
Moderately-Wet 7 3 43 25 40 6 4 67 38 17 45
Wet - - - 32 31 3 2 67 35 12 34
All Wetness Classes 14 9 64 57 35 9 6 67 80 35 44




Table 2. Numbers of stumps with one or more sprouts originating at ground level after one growing season.

Species
Cherrybark Oak Pin Oak Willow Oak All Species
e lES ES LS kS
Sprouts Sprouts Sprouts sprouts
Well-Drained 6 4 67 6 4 67
Moderately-Wet 3 2 67 10 6 60 4 2 50 17 10 59
Wet - - - 10 7 70 2 2 100 12 9 75
All Wetness Classes 9 6 67 20 13 65 6 4 66 35 23 66

The probability of stump sprouting was
negatively correlated with dbh (Figure 2). Parent tree
age, which ranged from 18 to 76 years, was not a
significant factor for explaining sprouting probabili-
ties. However, this data set may be too small to
determine the effect of age on stump sprouting. For
all species combined, the probability that a stump
from a 5-inch dbh tree will sprout was approximate-
ly 80%,; for a 15-inch tree the probability was <10%.
These are similar to sprouting probabilities of upland

white oaks in Missouri (Johnson, 1977) and to
upland white oaks in Indiana clearcuts (Weigel and
Johnson, 1998). These sprouting probabilities are con-
siderably lower than those reported for upland chest-
nut oak (Q.prinus), scarlet oak and northern red oak
in Indiana (Weigel and Johnson, 1977) and for scar-
let oak in Missouri (Johnson, 1977).
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Figure 2. Sprouting probabilities for pin oak, and pin, cherrybark and willow oak (combined) for dominant,
codominant or intermediate canopy class trees at Duck Creek Conservation Area.



For stumps that sprouted, there were an average
of 13 sprouts per stump (Table 3). Willow oak was
the most pralific sprouter having 20 sprouts per stump.
Pin oak was the least prolific sprouter having only
nine sprouts per stump (Table 3). For al species
combined, the tallest sprout per stump averaged 25
inches (Table 4). Cherrybark oak sprouts, on aver-
age, were dslightly taller than those of the other
Species.

Site wetness appeared to affect numbers of
sprouts and their heights. Well-drained sites had
greater numbers of sprouts overall; however, willow
oak on wet sites had the greatest numbers of sprouts
(Table 3). As stated previoudy, we can not determine
whether site wetness differences or species composi-

tion differences caused by site wetness explains differ-
ences in sprout numbers. Sprouts on wet sites were
considerably shorter than sprouts on moderately-wet
and well-drained sites (Table 4). Pin oak stumps on
wet sites had fewer and shorter sprouts than stumps
on moderately-wet sites. Sprout numbers per stump
were similar to those reported for partially shaded
water oak in a plantation (Gardiner and Helmig,
1997) but heights were shorter that those reported
for partially shaded water oak (Gardiner and Helmig,
1997) and for white oak, black oak and scarlet oak in
uplands after harvesting (Johnson, 1977).

Table 3. Average number of sprouts per stump for those with >1 sprout after one growing season.

Species
Site Wetness Class Cherrybark Oak Pin Oak Willow Oak All Species
Well-Drained 16 16
Moderately-Wet 17 16 13
Wet 28 11
All Wetness Classes 16 20 13

Table 4. Average height of the tallest sprout for stumps with >1 sprout after one growing season.

Species
Site Wetness Class Cherrybark Oak Pin Oak Willow Oak All Species
inches inches inches inches
Well-Drained 32 32
Moderately-Wet 23 35 24 30
Wet 13 24 15
All Wetness Classes 29 24 24 25




Pin, willow and cherrybark oaks at Duck Creek
stump sprout readily after dormant season cutting,
even under a nearly closed canopy. In closed anopied
bottomland forests, these species do not appear to
sprout as prolificaly as open-grown scarlet and red
oak in uplands. Nonetheless, sprouting proportions
are similar to those of open-grown upland white oak
in Missouri and elsewhere.

Sprouts in wet sites were considerably shorter
than in well drained or moderately wet sites. Also,
sprouts in moderately-wet and wet Sites appeared
chloratic and lacked vigor compared to those on well-
drained sites and compared to those that normally
occur on upland oak sites throughout Missouri. We
attribute this to stressed root systems of the parent
trees. Site wetness appears not only to cause overall
decline in vigor of standing trees, but also appearsto
affect the overall height and vigor of their stump
sprouts after they are cut.

This study suggests that stump sprouting may
play arole in regenerating bottomland pin, willow
and cherrybark oak in Missouri's green tree reser-
voirs. However, stump sprouting may play a smaller
role in green tree reservoir oak regeneration than in
upland forests because of lower sprout vigor. Future
research should focus on ng recruitment
potential of oak stump sprouts. For example, forest
openings can be created to determine if stump
sprouts in green tree reservoirs will survive and
grow to become canopy codominants and/or domi-
nants.

It isimportant to recognize that even
vigorous stump sprouts may not provide al of the
desired oak reproduction for stands in green tree
reservoirs. In Missouri upland forests, Johnson
(1977) shows for most oak species, less that 50% of
stems the sizes and ages of those in our study will
produce sprouts that will eventually become canopy
dominants and codominants five years after cutting.
Although data are lacking, there may be less recruit-
ment in green tree reservoirs where oaks are stressed
by annua and long-term inundation. Therefore,
future research should not only focus on identifying
proportions of stumps with sprouts expected to pro-
duce codominants and dominants in succeeding
stands, it should also focus on silvicultural methods
that will enhance other forms of oak reproduction.
Green tree reservoirs provide unique opportunities
to adjust impoundment frequencies and durations in
conjunction with silvicultural methods to enhance
oak regeneration success.

This research also suggests that in future studies,
experimental units should continue to be stratified by
site wetness classes. Site wetness appeared to affect
species composition, sprout heights and sprout vigor.
Site wetness differences may also affect responses to
silvicultura
treatments.

» At Duck Creek, pin oaks, willow oaks and
cherrybark oaksin closed canopy stands had
stump sprout probabilities similar to those of
open-grown upland white oak.

» Stump sprouts, especially in wet or
moderately-wet sites, were less vigorous and
shorter than those observed in Missouri's
upland forests or reported elsewhere.

* Stump sprouting at Duck Creek may play a
smaller role in 0ak regeneration thanin

Missouri's upland forests because of poor
sprout vigor.
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Tree Stump
Plot Moisture Tag# Species Crown Class DBH (in) Dia (in)
1 pinoak Codominant 128  17.0
2 pinoak Intermediate 8.0 10.9
3 pinoak Dominant 11.0  15.0
4 pinoak Codominant 12.6  16.7
5 pinoak Intermediate 121  17.3
6 pinoak Codominant 10.2  15.2
7 pinoak Intermediate 128  13.7
8 pinoak Intermediate 13.4  15.1
9 pinoak Intermediate 7.6  10.2
10 pinoak Intermediate 9.5 15.6
11 pinoak Intermediate 7.0  11.2
12 pinoak Intermediate 13.0  17.2
13 pinoak Intermediate 139  17.3
14 pinoak Intermediate 9.0 185
15 pinoak Codominant 104  15.0
16 pinoak Intermediate 12.2 15.2
17 pinoak Intermediate 9.4  14.6
18 pinoak Intermediate 16.1  18.0
19 pinoak Intermediate 108  13.9
20 willow oak Intermediate 9.3 125
21 pinoak Codominant 140  18.2
22 willow oak Intermediate 8.3  12.8
23 chrybk oak Intermediate  10.7  14.7
24 chrybk oak Intermediate  13.7  19.3
25 pinoak Codominant 85 129
26 pinoak Intermediate 6.4 9.9
27 pinoak Intermediate 10.2  16.8
28 pinoak Codominant 9.3 12,0
29 pinoak Intermediate 12.0  15.7
30 pinoak Intermediate 74 121
31 pinoak Intermediate 9.9 125
32 pinoak Codominant 10.2  13.7
33 pinoak Dominant 129  16.6
34 pinoak Codominant 108  16.7
35 pinoak Intermediate 5.0 6.8
36 pinoak Codominant 8.9 155
37 pinoak Intermediate 6.2 8.5
38 pinoak Intermediate 6.8  11.8
39 pinoak Codominant 9.3  13.8
40 pinoak Intermediate 6.8 9.1
41 pinoak Intermediate 4.0 5.9
42 pinoak Intermediate 85 117
43 willow oak Intermediate 9.0 125
44 pinoak Codominant 8.0  16.8
45 pinoak Codominant 9.8  12.0
46 pinoak Intermediate 5.0 7.4
47 pinoak Intermediate 4.1 6.2
48 pinoak Intermediate 6.2  13.1
*50 pinoak Intermediate 7.2 11.0

Sprouted

No.

Ht.

Age Before? Sprouts Tallest
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Tree Stump Sprouted  No. Ht.

Plot Moisture Tag# Species Crown Class DBH (in) Dia(in) Age Before? Sprouts Tallest Origin
5 Mod-wet 51 chrybk oak Intermediate 4.6 62 42 n 7 23 ground
5 Mod-wet 52 willow oak Codominant 89 138 42 n 4 18 ground
5 Mod-wet 53 willow oak Intermediate 9.8 132 46 n 6 35  collar only
5 Mod-wet 54 chrybk oak Intermediate 7.3 10.9 y 26 28 not determined
5 Mod-wet 55 pinoak Intermediate 8.0 109 40 n 20 37 ground
5 Mod-wet 56 pinoak Intermediate 6.7 98 42 n 24 54 ground
5 Mod-wet 57 chrybk oak Intermediate 7.8 124 47 n 0 0 none
5 Mod-wet 58 willow oak Intermediate 5.3 75 42 n 49 23 ground
5 Mod-wet 59 chrybk oak Codominant 85  12.1 49 n 0 0 none
5 Mod-wet 60 willow oak Codominant 82 131 46 n 0 0 none
5 Mod-wet 61 pinoak Codominant 9.7 140 50 n 0 0 none
5 Mod-wet 62 chrybk oak Codominant 7.7 126 43 n 17 17 ground
6 Dry 63 chrybk oak Intermediate 6.5 9.0 39 n 21 50 ground
6 Dry 64 chrybk oak Intermediate 5.9 85 40 n 61 39 ground
6 Dry 65 chrybk oak Codominant 8.4  12.3 52 n 2 47 not determined
6 Dry 66 chrybk oak Intermediate 8.3 135 48 n 0 0 none
6 Dry 67 chrybk oak Intermediate 5.5 87 39 n 4 34 ground
6 Dry 68 chrybk oak Dominant 122 164 64 n 8 13 ground
6 Dry 69 chrybk oak Dominant 116 162 52 n 2 10 not determined
7 Wet 70 pinoak Intermediate 10.8 154 57 n 0 0 none
7 Wet 71 pinoak Intermediate 3.8 51 20 n 0 0 none
7 Wet 72 pinoak Intermediate 8.5 125 55 n 0 0 none
7 Wet 73 pinoak Intermediate 6.6 87 42 n 0 0 none
7 Wet 74 pin oak Intermediate 6.8 101 39 n 0 0 none
7 Wet 75 pinoak Intermediate 6.2 100 43 n 0 0 none
7 Wet 76 pinoak Intermediate 7.7 114 45 n 0 0 none
7 Wet 77 pinoak Intermediate 4.2 7.7 21 n 18 12 ground
7 Wet 78 pinoak Intermediate 9.5 125 37 n 0 0 none
7 Wet 79 willow oak Intermediate 4.9 76 27 n 7 24 ground
7 Wet 80 willow oak Intermediate 4.0 6.2 26 n 48 24 ground
7 Wet 81 pinoak Codominant 9.1 130 51 n 4 20 ground

* There was no tree tagged as #49.
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